The central super-massive black hole of the Milky Way, Sgr A*, accretes at a very low rate making it a very underluminous galactic nucleus. Despite the tens of Wolf-Rayet stars present within the inner parsec supplying ∼10 −3 M yr −1 in stellar winds, only a negligible fraction of this material (< 10 −4 ) ends up being accreted onto Sgr A*. The recent discovery of cold gas (∼10 4 K) in its vicinity raised questions about how such material could settle in the hostile (∼10 7 K) environment near Sgr A*. In this work we show that the system of mass-losing stars blowing winds can naturally account for both the hot, inefficient accretion flow, as well as the formation of a cold disk-like structure. We run hydrodynamical simulations using the grid-based code Ramses starting as early in the past as possible to observe the state of the system at the present time. Our results show that the system reaches a quasisteady state in about ∼500 yr with material being captured at a rate of ∼10 −6 M yr −1 at scales of ∼10 −4 pc, consistent with the observations and previous models. However, on longer timescales ( 3000 yr) the material accumulates close to the black hole in the form of a disk. Considering the duration of the Wolf-Rayet phase (∼10 5 yr), we conclude that this scenario likely has already happened, and could be responsible for the more active past of Sgr A*, and/or its current outflow. We argue that the hypothesis of the mass-losing stars being the main regulator of the activity of the black hole deserves further consideration.
INTRODUCTION
recently detected cold gas (∼10 4 K) at short distances (∼10 −3 pc) from the Milky Way central super-massive black hole (SMBH), Sgr A*. The observation of a relatively wide (∼2200 km s −1 ) double-peaked H30α recombination line suggests the presence of a disk-like structure made out of such material. On the other hand, Chandra observations reveal that the innermost parsec of Sgr A* is filled with hot (∼10 7 K) and diffuse plasma with a mean density of ∼10 cm −3 (Baganoff et al. 2003; Wang et al. 2013; Russell et al. 2017 ). This material is constantly being supplied by the powerful outflows of the tens of Wolf-Rayet (WR) stars inhabiting the region at 1-10 arcsec from Sgr A* (Paumard et al. 2006; Yelda et al. 2014 ) 1 . Additionally, the G2 object (Gillessen et al. 2012) , as well as the bright knots in the IRS 13E cluster (Fritz et al. 2010) , correspond to cold sources in this region that are observed in the Br-γ recombination line. How such cold gas structure could form in such a hot and hostile environment remains unexplained.
In total, the mass flow rate supplied by the WR stars is estimated to be ∼10 −3 M yr −1 (Martins et al. 2007 ). However, the detection of polarised emission at sub-mm wavelengths has constrained the accretion rate at hundreds of Schwarzschild radii (∼10 −5 pc) to be many orders of magnitude smaller (10 −9 -10 −7 M yr −1 ; Marrone et al. 2006 Marrone et al. , 2007 . Although this is a very low accretion rate, it could have been different in the past. Since the early 90s, many authors have argued that Sgr A* was more active in the past, specifically about hundreds of years ago (Sunyaev et al. 1993; Koyama et al. 1996; Ponti et al. 2010) , and even as little as decades ago (Muno et al. 2007 ). Such hypotheses rely on X-ray light echoes observations of molecular clouds located at hundreds of parsecs from the SMBH. Based on long-exposure X-ray observations of the inner parsec, Wang et al. (2013) ruled out a Bondi (purely outflow) solution for the plasma distribution in the region. Instead, the distribution showed agreement with an outflow solution, supporting the past activity hypothesis.
Currently, it is hard to conceive this system with a steady-state Bondi model as the material is not being effectively accreted. Thus, it should be either accumulating at the center or expelled outwards as an outflow. Numerical hydrodynamics models of the system of WR stars have been able to reproduce the mass inflow rate at the Bondi radius (∼10 −6 M yr −1 ; Cuadra et al. 2008 Cuadra et al. , 2015 Russell et al. 2017) , and even deeper relatively well (Ressler et al 2018) . These studies simulated the system starting 1100 yr in the past and evolved it to reach a quasi-steady state at the present. Nevertheless, this timescale only manages to capture a single complete orbital period of the innermost WR star (see Figure 1 ). Furthermore, it is approximately two orders of magnitude smaller than the typical duration of the WR phase in massive stars of 10-25 M (∼0.1 Myr; Crowther 2007, for a review). In reality, the WR stellar system will exist for even longer as the stars do not necessarily evolve coordinately in and off the WR phase. Thus, we should not draw strong conclusions of the long-term state of the system based on previous studies.
In this letter, we investigate, for the first time, the evolution of the system of mass-losing stars orbiting Sgr A* for longer timescales. Although we could not afford to simulate the system for timescales comparable to the typical duration of the WR phase (∼0.1 Myr), we improve the simulation time of previous works by a factor ∼four. This work is presented as follows: Section 2 describes the numerical setup, initial conditions and assumptions. Section 3 presents the simulation and characterizes each phase of the evolution. Finally, in 10 −3 10 −2 10 −1 10 0 r (pc) Section 4 we discuss implications and present the conclusions.
NUMERICAL SETUP
We developed 3D hydrodynamics simulations making use of the adaptive-mesh refinement (AMR) grid-based code Ramses (Teyssier 2002) . The code uses a secondorder Godunov method to solve the equations of hydrodynamics. We consider an adiabatic equation of state, plus optically thin radiative cooling with Z = 3Z , where Z is the Solar mass fraction in metals (Calderón et al. 2019) . We use an exact Riemann solver together with a MonCen slope limiter (e.g., Toro 2009 ). The simulation setup considers the system of WR stars blowing stellar winds into the medium while they move under the influence of the gravitational potential of Sgr A* whose mass is 4.3 × 10 6 M (Gillessen et al. 2017) . For simplicity, we assume that the motion of the stars is completely determined by the gravity of the SMBH. The stars describe Keplerian orbits, which have been constrained through decade-long observational monitoring (Paumard et al. 2006; Gillessen et al. 2017) . For the stars whose orbits have not been completely deter- mined, we used the most likely trajectories expected for the members of the "clockwise disk" (Beloborodov et al. 2006) , while the rest were calculated through minimizing their eccentricity (Cuadra et al. 2008 ). The stellar wind generation is simulated following the approach of Lemaster et al. (2007) , and also used in Calderón et al. (2019) . The properties of the stellar winds were taken from spectroscopic studies (Martins et al. 2007; Cuadra et al. 2008) . In order to avoid artificial accumulation of material close to the black hole we set an open boundary of radius 2 √ 3∆x, where ∆x is the size of the smallest cell. This sphere in the domain is reset after each time step to low density at rest and low pressure (Ressler et al 2018) . The domain of the simulation is a cubic box of side length 1.6 pc (∼40 arcsec) with outflow boundary conditions (zero gradients). The coarse resolution corresponds to 64 3 cells, plus four extra refinement levels (∆x ≈ 1.6 × 10 −3 pc). Instead, the stellar wind generation regions allow five extra refinement levels (∆x ≈ 7.8 × 10 −4 pc), while the vicinity of the inner boundary allows eight extra refinement levels (∆x ≈ 9.8 × 10 −5 pc). The initial position and velocity of the WR stars are determined extrapolating the state vectors to the past, so that the simulation evolves the system up to the present epoch (Cuadra et al. 2008 (Cuadra et al. , 2015 Ressler et al 2018) . Most stars have periods of the order of ∼10 4 yr and orbit around Sgr A* at a distance of ∼0.3 pc (see Figure 1 ). Although at such distances the free-fall timescale (dashed green line) is of the order of hundreds of year, it is not easy for the stellar wind material to shed its angular momentum, so it corresponds to a lower limit of the actual infalling timescale.
In this work, the simulation starts from 3500 yr in the past in order to study whether it is possible for the system to reach, and maintain steady state or not 2 . As a control sample we run a model starting 1100 yr in the past, similar to previous works in the literature (Cuadra et al. 2008 (Cuadra et al. , 2015 Ressler et al 2018) . The domain is initialized at very low density ρ ISM = 10 −24 g cm −3 at rest u = 0, and low pressure P ISM = ρ ISM c 2 s,f γ −1 , where c s,f = 10 km s −1 is the sound speed of the temperature floor (T ≈ 10 4 K), and γ is the adiabatic index which is set to 5/3 for an adiabatic gas. This latter value was chosen, assuming that the strong ultraviolet radiation
Mass flow rate across a sphere of radius 5 × 10 −4 pc (1.25 × 10 −2 arcsec). The absolute value of the net mass flow rate is shown by the solid blue line. The mass inflow and outflow rates are represented by the dotted orange and dashed green lines, respectively. The vertical solid black lines (at t ≈ −3000 yr and t ≈ −800 yr) divide the evolution into the transient, quasi-steady, and disk phases. which is parallel to the line-of-sight, weighted by density (i.e., ρ 2 dz/ ρdz) 3 . The horizontal and vertical axes are parallel to right ascension and declination, respectively. Panel a) shows the initial condition of the simulation at t = −3500 yr. Once the simulation starts, each star blows a wind, which develops a shock that at some point ends up colliding with the others (panel b). Such collisions create dense (∼10 −22 g cm −3 ), hot material (∼10 7 K) that fills the entire domain relatively quickly (∼500 yr). Notice how complex structures develop in the gas, e.g., the interaction of stellar winds, instabilities, dense clumps, and bow shocks forming due to the motion of the stars through the medium. In panel c) the system has already attained what appears to be a quasi-steady state like in previous works in which the simulations end after a time comparable to the evolution time of panel d) (Cuadra et al. 2008; Ressler et al 2018) . However, in panel g) it is possible to observe an accumulation of material at the center of the domain. Visually, this material seems to settle into a disk-like structure around Sgr A*, which is confirmed analyzing the central region in detail (see panels g and h). This material mainly arises from the disruption of the strong bow shock generated by the star IRS 33E (panel f). Based on the appearance of the system we divide its evolution in three phases: the transient, quasi-steady, and disk phases. Figure 3 shows the mass flow rate across a sphere of radius ∼5 × 10 −4 pc (1.25 × 10 −2 arcsec) as a function of time, highlighting the transition between phases. This length scale is about two orders of magnitude smaller than the radius of the disk. In the transient phase the mass inflow rate increases up to ∼10 −6 M yr −1 roughly at t ≈ −3000 yr. Then, in the quasi-steady phase the net mass flow rateṀ net is variable but permanently inflowing and around the same order of magnitude. At t ≈ −800 yr the system enters into the disk phase, whereby the formation and presence of the disk produces significant changes in both the inflow and outflow mass flow rates. In general, the net flow remains variable, but now its amplitude is about one order of magnitude larger due to the enhancement of the inflow and outflow rates. Figure 4 shows the time-averaged density (blue lines) and temperature (orange lines) radial profiles. The averages were calculated over the quasi-steady (dashed lines) and the disk (solid lines) phases. Notice that in the quasi-steady phase both profiles decay with r −1 in the innermost region (r 0.03 pc), resembling the simulation by Ressler et al (2018) . Although not shown here, the control model (started at t = −1100 yr) displays the same behavior at the present time. In the disk phase, the profiles deviate significantly from their quasi-steady phase shapes. The disk formation increases the density by about an order of magnitude, which extends up to ∼0.01 pc from Sgr A*. On the contrary, the temperature profile decreases by an order of magnitude but, at the same time, becomes slightly steeper. Analyzing the disk structure at the end of the simulation, we observe that the disk has a mass of ∼5 × 10 −3 M , with a temperature of ∼10 4 K. Figure 5 is a Hammer projection as seen from the Sgr A* location that shows the evolution of the direction of the averaged angular momentum of the gas enclosed in a sphere of radius 0.01 pc (0.25 arcsec) in the quasisteady (dashed blue line), and disk (solid orange line) phases. The angles Ω and i correspond to the longitude of the ascending node and inclination, respectively. The earliest time is represented with a triangle marker, while the latest with square marker. As a reference, we include the angular momentum direction of the WR stars (black stars), as well as of the stellar clockwise disk at Ω = 104 • and i = 126 • (Yelda et al. 2014) . Notice that in the quasi-steady phase the angular momentum direction is highly variable due to the stochastic accretion of material coming from different stars that have a close passage from Sgr A*. However, most of the time the angular momentum direction is consistent with the stars, whose orbits are located near the clock-wise disk. This is expected given that these stars have relatively slower winds (∼600 km s −1 ) and orbit closer to the black hole ( 0.3 pc), such that their wind angular momentum is smaller (Cuadra et al. 2008; Ressler et al 2018) . In the disk phase, initially the angular momentum of the gas is aligned with the stellar disk, and more specifically with IRS 33E, but ultimately precesses around (Ω, i) ≈ (90 • , 0 • ). Notice that this precession could be an undesired effect due to the Cartesian grid. We ran the model for an extra 1000 yr into the future and found that the disk is not destroyed, but instead becomes slightly more massive and larger.
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DISCUSSION
We have shown that, if modeled for at least ∼3000 yr, the natural outcome of the evolution of the WR stellar system is a disk-like structure around Sgr A*. The reason is related to the star that supplies the bulk of the material to create such a disk, IRS 33E. Although its mass loss rate is average for a WR star (∼1.6 × 10 −5 M yr −1 ), its wind speed is the slowest among all the stars (450 km s −1 ; Martins et al. 2007 ). Thus, the ram pressure of its wind is weak, which forces it to be denser at the stagnation point. As a result, the shocked material radiates most of its thermal energy almost instantaneously (see Section 4.1 in Calderón et al. 2016 , for a discussion). This can be seen in the form of a dense, cold bow shock in front of the star while orbiting around Sgr A* (see panel d of Figure 2) . Figure 1 shows that the pericenter and apocenter distances of the star are 0.069 pc and 0.213 pc from the SMBH, respectively. Therefore, the star oscillates between the regimes where the net mass flow to Sgr A* is ∼0 and where the outflow dominates (see Figure 12 of Ressler et al 2018) . In this scenario, the star feeds the nucleus during every pericenter passage. As its orbital period is ∼2000 yr (see Figure 1) , it is necessary to model the system for at least a couple of passages to accumulate enough material to form a disk.
Nonetheless, there are a couple of caveats we have to bear in mind when interpreting this result. Highresolution simulations of idealized stellar wind collisions have shown that the dense clumps formed are neither massive nor large ( 10 −3 M ⊕ ; Calderón et al. 2019 ). The parameters of such models were largely motivated by the WR stars in the Galactic Center. In principle, this would suggest that the clumpy structure observed in the larger-scale simulation presented here might not be resolved, being smaller and less massive in reality. That being said, it is not straightforward to extrapolate the earlier result to our current configuration, as the mechanism creating clumps here is different. Being so, the disruption of a dense stellar wind bow shock in this environment is a promising channel for clump formation, and possibly G2-like objects (Burkert et al. 2012) , unlike colliding winds (Calderón et al. 2016 (Calderón et al. , 2018 (Calderón et al. , 2019 .
In order to check potential numerical effects on the result we ran a couple of extra tests. Firstly, we used a MinMod flux limiter, which resulted in the same observed behavior, or even better as the disk did not precess and remained aligned with the clockwise disk. Nevertheless, one of the caveats with this approach is that the winds are not spherically symmetric for reasonable computational costs. Secondly, we decreased the density threshold of the refinement criterion, which results in a more uniform grid. The same behavior was observed but the disk formed slightly later.
Overall, the accumulation of material around Sgr A* takes place on timescales of thousands of years, which leads to an enhancement in both the mass inflow and outflow rates (see Figure 3 ). Despite the higher accretion, once the disk forms, Sgr A* is still in the so-called radiatively inefficient accretion flow (RIAF) regime. In this context, as the material is very hot, it can overheat and then eject a big fraction of mass and energy in the form of a strong outflow (Blandford & Begelman 1999; Begelman 2012) . The disk seen in the simulation could then have produced the inferred larger luminosity for Sgr A* (Ponti et al. 2010) , and/or triggered the reported outflow (Wang et al. 2013; Do et al. 2019) . In that case, it is not clear whether the disk still exists or if it was destroyed by such an outflow. But the cold gas reported by Murchikova et al. (2019) , if confirmed as a disk, could correspond to the one from our models. In fact, in order to match the H30α and Br-γ observational constraints, we require an amplification factor of ∼ 30, consistent with the masing factor ∼ 80 reported by Murchikova et al. (2019) . However, considering the expected interaction of G2 with this disk, the density we find is an order of magnitude higher than the one derived by Gillessen et al. (2019) from the cloud slow-down.
To conclude, we speculatively propose that the stellar winds alone can be responsible for much of the phenomenology observed and/or inferred in the central arcsecond during the last millenium: the variable accretion and luminosity, a cold disc, and an outflow. If so, there is no need to invoke "external" factors such as infalling gas from Sgr A West (a.k.a., the minispiral ), a tidal disruption event and/or a supernova.
